Brauthwaite, M. A. (1975). Thorax, 30,[258][259][260][261]. Prevention of neurological damage during open-heart surgery. A previous study of neurological damage related to openheart surgery suggested that the onset of cardiopulmonary bypass is a time of particular hazard, and there is evidence that both microemboli from the extracorporeal circulation and inadequate cerebral perfusion may be contributory factors.
A previous clinical survey, based upon the retrospective analysis of the case notes of 417 patients submitted to open-heart surgery during 1970, revealed an incidence of neurological damage of 192% (Branthwaite, 1972) . Evidence derived by monitoring cerebral function with a heavily filtered electroencephalograph (Cerebral Function Monitor, Devices Ltd) suggested that the onset of perfusion is a time of particular hazard (Branthwaite, 1973) . Microemboli from the extracorporeal apparatus, and inadequate cerebral perfusion caused by an abrupt change in the character and magnitude of the perfusing pressure, could contribute to these findings, and there is experimental and clinical evidence which suggests that both factors may be of importance (Stone et al., 1967; Hasbrouck and Rigor, 1969; Javid et al., 1969; Patterson and Kessler, 1969; Hill et al., 1970; Osborn et al., 1970; Tufo, Ostfeld, and Shekelle, 1970; Egeblad et al., 1972; Sanderson, Wright, and Sims, 1972; Branthwaite, 1974 (Figure) or dilatation of the pupils. A second survey was undertaken during 1973 to evaluate the efficacy of these measures. FIGURE Record obtained from the cerebral function monitor at the onset of perfusion in a 43-year-old woman with mild mitral stenosis and hypertension (160/100 mmHg). The arterial blood pressure fell to between 30 and 40 mmHg when the aorta was crossclamped, in spite of a flow of 80 ml/kg per minute from the oxygenator. The resulting cerebral depression was reversed rapidly by the administration of metaraminol (Aramine), and the patient regained consciousness after the operation without any evidence of neurological deficit. Paper speed-6 mm/min.
MATERIAL AND METHODS
The case notes of all patients submitted to openheart surgery during 1973 were inspected. The data were collected retrospectively to preserve comparability with the methods used in 1970, and the same criteria were used to define neurological damage. These criteria were impairment of consciousness, voluntary movement or vision, separately or together, apparent within three days of operation. Impaired consciousness ranged from coma to confusion of a severity sufficient to interfere with response to simple commands, but confusion alone in patients who were hypoxic postoperatively (arterial oxygen tension less than 60 mmHg) was discounted.
The factors considered in relation to neurological damage in 1973 are listed (Table I) . Information on one or more of these factors was unavailable in 23 patients, and these were excluded from the statistical analysis. The collection of data was complete for all patients who suffered neurological damage. The association between the factors listed in Table I and the incidence of neurological damage was analysed by multiple regression analysis so that the influence of interrelationship between some of the variables could be eliminated.
RESULTS
Neurological damage was sustained by 40 of the 538 patients who survived the operative procedure (Table II) . The incidence of 7-4% compares with a corresponding figure of 19-2% in 1970 , and this difference is very highly significant (P<0 001). Nineteen of the 40 patients died in the postoperative period, and the neurological lesion was (Table III) and nine of these patients were aged 5 or less. The incidence of neurological damage which could not be attributed to any specific feature of the operative period fell from 11-5% (48 of 417 cases) in 1970 to 3-4% (18 of 538 cases) in 1973 (P<0001). 2During resection of a thoracic aortic aneurysm.
Those factors which were found to be positively associated with an increased incidence of neurological damage in 1970 continued to feature in 1973 (Table IV) . These were age, increasing duration of perfusion, and the presence of a previous neurological lesion. Use of an all-blood prime appeared as an additional contributory factor in 1973, but neither the nature of the operation nor a history of previous cardiac surgery were important. There was a quadratic relationship between age and neurological damage 1973 would be expected to enhance, rather than diminish, the incidence of neurological damage, and it is regarded therefore as an unimportant difference between the two years.
Use of an all-blood prime was an unfavourable feature in 1973, although the nature of the priming solution did not influence the neurological outcome in 1970. More patients in 1970 were subjected to perfusion from apparatus which had been primed with whole blood, but the number involved (59) was relatively small. It is highly un- 
